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Provide a first subsystem to be coupled to a first end of a cable
extending between a computer and an operator control center, the cable 1510
having a first wire pair and a second wire pair

Provide a second subsystem to be coupled 1o a second end of the cable
such that an electrical power signal provided by a computer and a data

signal generated by the computer or an operator control center are 1520
fransmitted simuitaneously across the first wire pair between the
computer and the operator control center
Modulate the data signal to create a modulated data signal 1530

Modify the electrical power signal to create a boosted electrical voltage 1540
signal

Couple the modulated data signal onto the boosted electrical voltage 1550
signal to create a combined signal

Transmit the combined signal across the first wire pair between the 1560
computer and the operator control center

FIG.15
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DISTANCE EXTENDER AND METHOD
MAKING USE OF SAME

FIELD OF THE INVENTION

This invention relates generally to electrical signal trans-
mission 1n electronic systems, and relates more particularly
to keyboard, video, and mouse extenders.

BACKGROUND OF THE INVENTION

Electronic systems, such as computer systems, rely for
proper operation on the transmission of electronic signals
among the various components of the system. In a computer
system, for example, electronic signals must be transmitted
from the computer to a keyboard, a video monitor, a mouse,
and any other peripheral electronic devices coupled to the
computer. The acronym KVM will be used herein to mean
“keyboard, video monitor, and mouse,” following a practice
that 1s standard 1n the art. Additionally, the phrase “periph-
eral device” will be used herein to mean any electronic
device coupled to a computer or forming a part of any
electronic system, including a keyboard, a video monitor,
and a mouse.

Under certain circumstances it may be desirable to place
the computer 1n one location and to place the peripheral
devices 1n another location separated from the computer’s
location by a certain distance. An example of such a cir-
cumstance 1s where the computer must be in an environ-
ment, perhaps a particular room 1n a building, where param-
eters such as access, temperature, humidity, and the like are
carefully controlled but where the peripheral devices may be
located 1in an environment, perhaps another room 1n the
building, where control over such parameters 1s less critical.
Another example of such a circumstance 1s where a single
keyboard, video monitor, and mouse, referred to collectively
herein as an “‘operator control center” or an “OCC,” are
adapted to control several computers, where the several
computers may be located at a distance from the operator
control center.

KVM extenders have been developed 1n order to increase
the distance by which an operator control center can be
separated from a computer. Existing KVM extenders include
a local subsystem, a remote subsystem, and a cable coupled
between the local and remote subsystems. The local sub-
system 1s coupled to a computer and/or, 1t applicable, to a
KVM Switch that switches control from one to another of
several computers being controlled by an operator control
center. The remote subsystem 1s coupled to the OCC.
Electronic signals may be transmitted between the computer
and the OCC across the cable via the local and remote
subsystems.

Both the local and remote subsystems of existing KVM
extenders require the use ol power supplies, alternating
current (AC) adapters, or the like to provide power to the
subsystems. Such power supplies, AC adapters, and the like
are bulky and take up a sigmificant amount of space. In many
environments, such as 1n a server rack or 1in an environmen-
tally controlled room, space 1s at a premium, and the
presence of a power supply or an AC adapter 1s an ineflicient
use of that space. Accordingly, there exists a need for a
KVM extender providing all of the functionality of existing
KVM extenders but that does not require a separate power
supply or AC adapter.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from a reading of
the following detailed description, taken 1n conjunction with
the accompanying figures 1n the drawings 1n which:

FIG. 1 1s a block diagram of a distance extender, accord-
ing to an embodiment of the invention, shown as part of an
clectronic system;

FIG. 2 1s a block diagram of a distance extender, accord-
ing to another embodiment of the invention, shown as part
of a different electronic system arranged 1n a first configu-
ration;

FIG. 3 1s a block diagram of the distance extender of FIG.
2 shown as part of the electronic system of FIG. 2 arranged
in a second configuration;

FIG. 4 1s a block diagram of the distance extender of FIG.
2 shown as part of the electronic system of FIG. 2 arranged
in a third configuration;

FIG. 5 1s a block diagram of a subsystem of the distance
extenders of FIGS. 1 and 2, according to an embodiment of
the invention;

FIG. 6 1s a block diagram of a different subsystem of the
distance extenders of FIGS. 1 and 2, according to an
embodiment of the invention;

FIG. 7 1s a circuit diagram of a modulation/demodulation
circuit according to an embodiment of the mvention;

FIG. 8 1s a graph of an amplitude-modulated signal of the
type produced by the modulation/demodulation circuit of
FIG. 7 according to an embodiment of the invention;

FIG. 9 1s a graph of an amplitude-modulated signal of the
type shown 1n FIG. 8 riding on a boosted electrical voltage
signal according to an embodiment of the invention;

FIG. 10 1s a graph showing a recovered signal after being
modulated and demodulated according to an embodiment of
the invention;

FIG. 11 1s a circuit diagram 1illustrating a portion of the
modulation/demodulation circuit of FIG. 7 and a filter
circuit according to an embodiment of the invention;

FIG. 12 1s a circuit diagram 1llustrating a detection circuit
according to an embodiment of the imnvention;

FIG. 13 1s a circuit diagram 1illustrating a pre-emphasis
circuit according to an embodiment of the imvention;

FIG. 14 1s a circuit diagram illustrating an attenuation/
compensation circuit according to an embodiment of the
invention; and

FIG. 15 1s a flow chart illustrating a method for increasing
a distance between a computer and an operator control
center 1n electrical communication with the computer.

For simplicity and clarity of illustration, the drawing
figures 1llustrate the general manner of construction, and
descriptions and details of well-known features and tech-
niques may be omitted to avoid unnecessarily obscuring the
invention. Additionally, elements in the drawing figures are
not necessarily drawn to scale. For example, the dimensions
of some of the elements 1n the figures may be exaggerated
relative to other elements to help improve understanding of
embodiments of the present invention. The same reference
numerals 1n different figures denote the same elements.

The terms “first,” “second,” “third,” “fourth,” and the like
in the description and in the claims, if any, are used for
distinguishing between similar elements and not necessarily
for describing a particular sequential or chronological order.
It 1s to be understood that the terms so used are interchange-
able under appropriate circumstances such that the embodi-
ments of the mvention described herein are, for example,
capable of operation in sequences other than those 1llustrated
or otherwise described herein. Furthermore, the terms “com-
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prise,” “include,” “have,” and any variations thereof, are
intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of
clements 1s not necessarily limited to those elements, but
may include other elements not expressly listed or inherent
to such process, method, article, or apparatus.

The terms “left,” “right,” “front,” “back,” “top,” “bot-
tom,” “over,” “under,” and the like 1n the description and in
the claims, 11 any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It 1s
to be understood that the terms so used are interchangeable
under appropriate circumstances such that the embodiments
of the invention described herein are, for example, capable
ol operation 1n other ornientations than those illustrated or
otherwise described herein. The term “coupled,” as used
herein, 1s defined as directly or indirectly connected 1n an
electrical, mechanical, or other manner.

b

DETAILED DESCRIPTION OF THE DRAWINGS

In one embodiment of the invention, a distance extender
for increasing a distance between a first device and a second
device 1n electrical communication with the first device
comprises an electrical cable electrically coupled between
the first device and the second device, a first subsystem
clectrically coupled to the first end of the electrical cable,
and a second subsystem electrically coupled to the second
end of the electrical cable. The electrical cable comprises a
first end, a second end, and a plurality of wires extending
between the first end and the second end. The plurality of
wires includes a first wire, the first device generates a data
signal and provides an electrical power signal, and the data
signal and the electrical power signal are simultaneously
transmitted between the first device and the second device
over the first wire.

FIG. 1 1s a block diagram of a distance extender 100,
according to an embodiment of the invention, shown as part
of an electronic system 101. As illustrated 1n FIG. 1, distance
extender 100 comprises a subsystem 110, a subsystem 120,
and an electrical cable 130 eclectrically coupled between
subsystems 110 and 120.

As an example, distance extender 100 can be used to
increase a distance between a device 145 and a device 150,
where device 150 1s 1n electrical communication with device
145. Subsystem 110 and/or subsystem 120 can comprise a
stand-alone box, module, or the like, or subsystem 110
and/or subsystem 120 can comprise firmware implemented
within a portion of device 145, device 150, and/or another
component of distance extender 100. Electrical cable 130
has an end 131 and an end 132 opposite end 131. Subsystem
110 1s electrically coupled to end 131 of electrical cable 130,
and subsystem 120 1s electrically coupled to end 132 of
clectrical cable 130. Electrical cable 130 further comprises
a plurality of wires, including a first wire, extending between
end 131 and end 132.

As will be understood by one having ordinary skill in the
art, electrical cable 130 further comprises at least a ground
return wire. In at least one embodiment, the first wire 1s one
of a pair of wires, collectively referred to as a first wire patr,
and the data signal and the electrical power signal are
simultaneously transmitted between device 1435 and device
150 over the first wire pair, 1n the sense that the electrical
power signal and either the positive or negative portion of a
differential data signal can be transmitted on the first wire,
while the other wire 1n the first wire pair carries the ground
return signal as well as the portion of the differential data
signal not sent on the first wire.
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It will be understood by one of ordinary skill in the art that
the data signal 1s bi-directional, meaning it travels along
clectrical cable 130 both from device 145 to device 150 as
well as from device 150 to device 145. In an embodiment
where device 150 1s an OCC and device 145 1s a computer,
the data signal will most often be generated by device 150
and then travel across electrical cable 130 to device 145.

Because the electrical power signal 1s transmitted, as
described, across the first wire pair of electrical cable 130,
the separate AC adapters or external power supplies required
by existing KVM extenders, as well as the circuitry required
to support the AC adapters or external power supplies, are
not needed 1n distance extender 100, and are therefore absent
from distance extender 100. For a variety of reasons, the
absence ol AC adapters and external power supplies can be
a significant advantage. As an example, AC adapters typi-
cally take up as much as two or three cubic inches. The
outlets or power strips to which the AC adapters must be
coupled also require relatively large amounts of space.
Especially 1n an environment where multiple KVM extend-
ers are present, such as 1n a server rack or server room, the
space required by the AC adapters and the outlets or power
strips can olten exceed the space available. Another advan-
tage ol the absence of AC adapters and external power
supplies 1s that any concern as to whether an AC adapter will
tfall out of a wall outlet, power strip, or other electrical outlet
may be eliminated. Yet another advantage 1s that there 1s no
need to take time to physically plug such AC adapters 1n to
an electrical outlet.

In a particular embodiment, electrical cable 130 com-
prises a plurality of unshielded, twisted wire pairs, one of
which 1s the first wire pair described above. As an example,
clectrical cable 130 can be a Category 5 (CAT 5) cable, a
Category 5S¢ (CAT 3e) cable, a Category 6 (CAT 6) cable, a
Category 7 (CAT 7) cable, or the like, collectively referred
to herein as Category 5-type cable, each of which comprise
four unshielded, twisted wire pairs. CAT 5 cable 15 a
relatively inexpensive cable that 1s well suited for electrical
signal transmission. The other existing cable types referred
to above were developed to extend the bandwidth and
function of the original CAT 5 specification. In at least one
embodiment where electrical cable 130 1s a CAT 5 cable, the
data signal and the electrical power signal are simulta-
neously transmitted across the first wire pair, and red, green,
and blue color analog signals are transmitted across the other
three wire pairs.

As further illustrated 1in FIG. 1, electrical cable 130 1s
clectrically coupled between device 145 and device 150.
Device 145 and/or device 150 generate data signal, and
device 145 generates an electrical power signal, and the
bi-directional data signal and the electrical power signal are
simultaneously transmitted between device 145 and device
150 over the first wire. As an example, the data signal can
comprise at least one of mouse data and keyboard data. As
another example, device 145 can be a computer, and device
150 can be an OCC comprising a keyboard 151, a video
monitor 152, and a mouse 153.

In at least one embodiment, subsystem 110, subsystem
120, keyboard 151, and mouse 153 are powered only by the
clectrical power signal. As an example, 1n an embodiment
where device 145 1s a computer, the electrical power signal
can be taken from the positive (+) 5 volt (V) supply pins on
the computer ports, such as the PS/2 ports, to which a
keyboard or a mouse are normally connected. The simulta-
neous transmission of the electrical power signal and the
data signal between device 145 and device 150 across the
first wire pair will be discussed in more detail below. It will
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be understood by one of ordinary skill 1n the ail that at least
a portion of device 150, such as, for example, video monitor
152, may require i1ts own power supply when used 1n
connection with distance extender 100, but any portion so
requiring 1ts own power supply i1s one that would also
require its own power when used apart from distance
extender 100.

FIG. 2 1s a block diagram of a distance extender 200,
according to an embodiment of the invention, shown as part
of an electronic system 201 arranged 1n a first configuration.
As 1llustrated 1n FIG. 2, distance extender 200 comprises a
subsystem 210, a subsystem 220, and an electrical cable 230
clectrically coupled between subsystems 210 and 220. As an
example, subsystem 210, subsystem 220, and electrical
cable 230 can be similar to subsystem 110, subsystem 120,
and electrical cable 130, respectively, each of which were
first shown 1n FIG. 1. Electrical cable 230 can comprises a
plurality of wires, including a first wire, extending between
end 231 and end 232. Distance extender 200 further com-
prises a switch 240 electrically coupled between device 150
and device 145 as well as a device 245. As an example,
device 245 can be similar to device 145, first shown in FIG.
1. Additional devices, all of which can also be similar to
device 1435, can also form a part of electronic system 201,
and can also be electrically coupled to switch 240, depend-
ing on the configuration and capacity of switch 240. As an
example, switch 240 can be a KVM Switch. As another
example, distance extender 200 can function 1in a manner
similar to the function of distance extender 100 (FIG. 1).

Switch 240 can be used to selectively route electrical
signals to device 150 from one of devices 145, 245, or other
device electrically coupled to switch 240, thus enabling any
of devices 145, 245, or other device electrically coupled to

switch 240 to be controlled from device 150. As an example,
in an embodiment where switch 240 1s a KVM Switch,
device 150 1s an OCC, and devices 145 and 245 are
computers, switch 240 routes video signals of the selected
computer to the video monitor 152 of the OCC so that a user
may view the video signals of the selected computer from
the OCC. Switch 240 also routes keyboard and mouse
signals from the OCC to the respective ports of the selected
computer. By using switch 240 1n this fashion, the selected
computer can be operated from the OCC just as 11 the OCC’s
keyboard and mouse were directly attached to the selected
computer.

The need to extend a distance separating various compo-
nents of electronic systems has been mentioned above. FIG.
1 1illustrated the use of distance extender 100 to extend a
distance separating device 145 from device 150, and,
accordingly, subsystem 110 1s electrically coupled to device
145 and subsystem 120 1s electrically coupled to device 150.
In an embodiment where device 145 1s a computer and
device 150 1s an OCC, increasing a distance by which
devices 145 and 150 are separated allows a situation 1n
which the computer (device 145) can be located 1n a room
where the environment 1s carefully controlled while the
OCC (device 150) can be located 1n another room that can
be made more comiortable for the user of the OCC. FIG. 2
illustrates a slightly different configuration in which distance
extender 200 1s used to increase a distance separating device
150 from switch 240, wherein subsystem 210 1s electrically
coupled to switch 240 and subsystem 220 is electrically
coupled to device 150. Such a configuration permits switch
240 and device 150 to be located, for example, 1n different
rooms, yielding a result similar to that described in connec-
tion with FIG. 1. Additional configurations are also possible,
and desirable, as 1llustrated below.
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FIG. 3 1s a block diagram of distance extender 200 shown
as part of electronic system 201 arranged in a second
configuration. FIG. 3 illustrates one of the possible addi-
tional configurations mentioned above, in which distance
extender 200 1s used to 1increase a distance separating device

145 from switch 240. In the configuration of FIG. 3,

subsystem 210 1s electrically coupled to device 145, and
subsystem 220 1s electrically coupled to switch 240. Such a

configuration permits switch 240 and device 150 to be
located, for example, 1n different rooms. In an embodiment
where device 145 1s a computer, such a configuration may be
desirable where the available space within, or the environ-
ment of, the room or other location 1n which switch 240 1s
located 1s not suilicient or suitable for the computer (device
145), or vice versa. In one embodiment, not 1llustrated 1n
FIG. 3, a distance by which device 245 1s separated from
switch 240 can also be extended, using a second distance
extender, where the second distance extender 1s the same or
substantially similar to distance extender 200.

FIG. 4 1s a block diagram of distance extender 200 shown
as part of electronic system 201 arranged 1n a third configu-
ration. FIG. 4 illustrates another one of the possible addi-
tional configurations mentioned above, 1n which distance
extenders according to embodiments of the nvention are
used to increase both a distance separating device 145 from
switch 240 and a distance separating device 150 from switch
240. As 1llustrated 1n FIG. 4, distance extender 200 1s used
to extend a distance separating device 150 from switch 240,
such that subsystem 210 1s electrically coupled to switch
240, and subsystem 220 1s electrically coupled to device
150. A distance extender 400 1s used to extend a distance
separating device 145 from switch 240. Electrical cable 430
can comprises a plurality of wires, icluding a first wire,
extending between end 431 and end 432. Distance extender
400 comprises a subsystem 410, a subsystem 420, and an
clectrical cable 430. As an example, subsystem 410, sub-
system 420, and electrical cable 430 can be similar to
subsystem 110, subsystem 120, and electrical cable 130,
respectively, each of which were first shown i FIG. 1.
Subsystem 410 1s electrically coupled to device 145, and
subsystem 420 1s electrically coupled to switch 240.

The configuration of FIG. 4 permits switch 240, device
145, and device 150 to each be located, for example, 1n
different rooms. In an embodiment where device 145 1s a
computer and device 150 1s an OCC, such a configuration
may be desirable where the available space within, or the
environment of, the room or other location 1n which switch
240 1s located 1s not suflicient or suitable for the computer
(device 145), and/or for the OCC (device 150), or vice versa.
In one embodiment, not illustrated in FIG. 4, a distance by
which device 245 1s separated from switch 240 can also be
extended, using an additional distance extender, where the
additional distance extender i1s the same or substantially
similar to distance extender 200.

FIG. 5 1s a block diagram of subsystem 110 of distance
extender 100 (FIG. 1), according to an embodiment of the
invention. As stated above, 1n at least one embodiment,
subsystem 210 of distance extender 200, both of which were
first shown 1n FIG. 2, and subsystem 410 of distance
extender 400, both of which were first shown 1n FIG. 4, can
be the same or substantially similar to subsystem 110. As
illustrated 1n FIG. S, subsystem 110 comprises a voltage
boost circuit 510, a modulation/demodulation circuit 520, a
filter circuit 330, a detection circuit 340, and a pre-emphasis
circuit 551. Circuits 520, 530, 540, and 551 will each be

described 1n more detail below.
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The following description assumes an embodiment where
device 150 1s a computer. Subsystem 110 receives the data
signal and a clock signal through an mput header 560. The
data and clock signals are routed directly to a microproces-
sor 365 where they are multiplexed and coded before being
transmitted to modulation/demodulation circuit 520 via an
internal Universal Asynchronous Receiver Transmitter
(UART) 567.

Power for the circuitry of subsystem 110 1s taken from the
+35V supply pins on the PS2 ports of the computer. Electrical
power signals enter subsystem 110 through input header 560
and are passed to voltage boost circuit 510 and to a local
power supply 515. Local power supply 3515 supplies five
volts or another voltage to the circuitry of subsystem 110.
Voltage boost circuit 510 boosts the incoming voltage from
S5V to a higher voltage 1n order to overcome and/or com-
pensate for losses, such as IR losses, 1n electrical cable 130
(FIGS. 1) during the transmission of the electrical power
signal across electrical cable 130. As an example, voltage
boost circuit 510 can boost the incoming voltage to 30V. The
clectrical power signal, with boosted voltage, 1s passed to
filter circuit 530, where 1t will be combined with the coded
data signal as described below.

As 1llustrated 1 FIG. 5, mput header 560 also receives
video signals, comprising red, green, and blue video signals,
and synchronization signals (sync signals) in addition to
receiving data, clock, and electrical power signals. The sync
signals are mixed, or multiplexed, into the video signals, and
the resulting combined signals (comprising video signals
and sync signals) are amplified by a video amplifier 550,
passed mto end 131 of electrical cable 130 (FIGS. 1) and
transmitted differentially along electrical cable 130. In one
embodiment, the sync signals are mixed into the red and
blue video signals only, amplified, and diflerentially trans-
mitted. In the same or another embodiment, connector 131
1s an RJ45 connector. Pre-emphasis circuit 551, in at least
one embodiment, forms a part of video amplifier 550.
Pre-emphasis circuit 551 pre-emphasizes, or increases, the
high-frequency portion of the video signals before the video
signals are transmitted across electrical cable 130 because
higher frequency video signals are attenuated during such
transmission to a greater extent than are lower frequency
signals. Pre-emphasizing the high-frequency portion of the
video signals 1n this way makes i1t easier to recover those
signals after they have arrived at subsystem 120 (FIG. 1).

After passing through microprocessor 565 and UART
567, the data signal 1s passed to modulation/demodulation
circuit 520 where 1t 1s modulated. The data signal 1s then
coupled onto the boosted voltage at filter circuit 530. The
combined signal, comprising: (1) the power signal with the
boosted electrical voltage signal; and (2) the data signal, 1s
then sent to filter circuit 330 and then to end 131 of electrical
cable 130 (FIGS. 1) before being sent across electrical cable
130. Filter circuit 530 prevents the data signal from inter-
tering with power supply 515, as will be discussed in more
detail below.

FIG. 6 1s a block diagram of subsystem 120 of distance
extender 100 (FIG. 1), according to an embodiment of the
invention. As stated above, 1n at least one embodiment,
subsystem 220 of distance extender 200, both of which were
first shown 1n FIG. 2, and subsystem 420 of distance
extender 400, both of which were first shown 1n FIG. 4, can
be the same or substantially similar to subsystem 120.

As 1llustrated 1n FIG. 6, subsystem 120 comprises a
voltage conversion circuit 610, a modulation/demodulation
circuit 620, a filter circuit 630, and an attenuation compen-
sation circuit 651. A power supply 6135 supplies power for
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the circuitry of subsystem 120. As an example, modulation/
demodulation circuit 620 can be similar to modulation/
demodulation circuit 520 (FIG. 5), and filter circuit 630 can
be similar to filter circuit 530 (FIG. 5). Circuit 651 will be
described in more detail below. Circuits 620 and 630 will not
be separately described because of their similarity to circuits
520 and 530, respectively.

As further illustrated n FIG. 6, multiplexed differential
video and sync signals are received through end 132, which
can be an RJ45 connector, of electrical cable 130 (FIGS.
1-4) and passed to a video amplifier 650. In one embodi-
ment, differential-to-single-ended amplifiers within video
amplifier 650 receive the multiplexed differential video and
sync signals. In an embodiment where the sync signals are
mixed into the red and blue video signals, the red and blue
video signals are routed to a sync stripper circuit 670 and a
sync detection and polarization circuit 690 before being sent
to a connector 680. Sync detection and polarization circuit
690 recovers the sync polarity from the original video
signals, and the polarity-corrected sync signals are sent to
connector 680. As an example, connector 680 can be an
HDDBI135 comnector. Referring still to the embodiment
where the sync signals are mixed onto the red and blue video
signals, the green video i1s routed directly from the differ-
ential-to-single-ended amplifiers to connector 680.

Subsystem 120 also receives the combined signal through
end 132 and passes the combined signal through filter circuit
630 to voltage conversion circuit 610 and modulation/
demodulation circuit 620. Filter circuit 630 prevents the
modulated data signal from interfering with the circuitry of
power supply 615. Voltage conversion circuit 610 converts
the boosted voltage to a lower voltage, which 1n at least one
embodiment can be 5V, which lower voltage 1s passed to
power supply 615 and used to power the circuitry of
subsystem 120.

Modulation/demodulation circuit 620 demodulates the
data signal. The demodulated data signal 1s then sent to a
UART 667 on microprocessor 665 where the demodulated
data signal 1s separated into keyboard and mouse data
signals and sent to the appropriate one of ports 6935. As an
example, ports 695 can be PS/2 ports, one of which can
receive a keyboard and the other of which can receive a
mouse.

FIG. 7 1s a circuit diagram of modulation/demodulation
circuit 520 according to an embodiment of the invention.
FIG. 8 1s a graph 800 of an amplitude-modulated signal of
the type produced by modulation/demodulation circuit 520
according to an embodiment of the invention. FIG. 9 1s a
graph 900 of an amplitude-modulated signal of the type
shown 1n FIG. 8 riding on a boosted electrical voltage signal
according to an embodiment of the mvention. FIG. 10 1s a
graph 1000 showing a recovered signal after being modu-
lated and demodulated according to an embodiment of the
ivention.

As discussed earlier 1n connection with FIG. 5, the data
signal 1s routed from input header 560 to microprocessor
565, where the data signal 1s multiplexed and coded prior to
being sent to modulation/demodulation circuit 520. The
coded data signal 1s then transmitted by data UART 567 to
modulation/demodulation circuit 520. As illustrated 1n FIG.
7, the data signal enters modulation/demodulation circuit
520 on a line 701, and 1s labeled “data_from_controller.”
The data line 1s a single-ended square wave 0 to 3V signal.
A logic *“1” 1s indicated by a 5 volt direct current (DC) level
and a logic “0” 1s indicated by a 0 volt DC level. This signal
1s inverted and applied to pin 3 of a transcerver 710, which
in the illustrated embodiment 1s an RS4835 transceiver. Pin 3
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of transcerver 710 1s an enable pin. A one megahertz (MHz)
signal 1s applied to the data input of transceiver 710.
Whenever pin 3 of transcerver 710 1s high the one MHz
signal 1s passed through transceiver 710 to the differential
outputs present on pin 6 and pin 7 of transceiver 710. The
resultant wavetform on pin 6 of transceiver 710 1s an ampli-
tude-modulated signal of the type shown in FIG. 8. Since the
output of transceiver 710 1s a differential signal, the same
signal 1s present on pin 7 of transceiver 710, except that the
signal on pin 7 of transceiver 710 1s 180 degrees out of phase
with the signal on pin 6 of transceiver 710.

A 110 ohm resistor, R35, loads the differential signals
present at pins 6 and 7 of transceiver 710. Resistors R32,
R33, R37, and R38 bias pins 6 and 7 of transceiver 710 so
that the steady state level of pin 1 of transceiver 710 1s a
logical “0.” The signals present at pins 6 and 7 of transceiver
710 are AC coupled through capacitors C33 and C35 to

connector pins 7 and 8 of end 131, which 1s illustrated as an
RJ45 connector in FIG. 7. Resistors RS51 and R34 and

capacitors C33 and C35 are used to match the differential
signal to the impedance of electrical cable 130 (FIGS. 1-4)
and to the recerver mput impedance.

As 1llustrated 1n FIG. 8, graph 800 comprises a channel
810 and a channel 820. Channel 810 represents data input on
line 701 (FIG. 7) of modulation/demodulation circuit 520
(FIGS. 5 and 7). Channel 820 represents an amplitude-
modulated signal such as may be present on pin 6 or pin 7
ol transceiver 710.

FIG. 9, in graph 900, 1llustrates a modulated data signal
of the type produced by modulation/demodulation circuit
520 riding on an electrical power signal having a boosted
voltage produced by voltage boost circuit 510 (FIG. 5).
Graph 900 comprises a channel 910 and a channel 920.
Channel 910 represents data mput on line 701 (FIG. 7) of
modulation/demodulation circuit 520 (FIGS. 5 and 7).
Channel 920 represents modulated data riding on an elec-
trical power signal having a boosted voltage of 30 volts. As
described above, the modulated data signal and the boosted
clectrical voltage signal are simultaneously carried on a
single wire pair in electrical cable 130 (FIG. 1). As an
example, pins 7 and 8 of end 131, shown in FIG. 7,
correspond to the two wires of the single wire pair on which
the combined signal 1s carried. In a CAT 35 cable, the two
wires form a twisted wire pair, as mentioned above.

To demodulate the data signal, the modulated differential
signal 1s received at pins 6 and 7 of transceiver 710.
Transceiver 710 converts this signal to a single-ended output
on pin 1 of transceiver 710. An example of the type of
single-ended output that may be on pin 1 of transceiver 710
1s 1llustrated 1n a graph 1000 of FIG. 10. Referring still to
FIG. 7, the single-ended output 1s demodulated using a diode
D3, a capacitor C34, and a resistor R34. The signal is
inverted and then 1nput to data UART 567 of microprocessor
565.

Referring again to FIG. 10, graph 1000 comprises a
channel 1010 and a channel 1020. Channel 1010 represents
a modulated data signal such as may be received on pin 1 of
transceiver 710. Channel 1020 represents a recovered signal
present at an output of a bufler 720, which butler 1s labeled
“Data_Input_To_Controller” in FIG. 7.

FIG. 11 1s a circuit diagram 1illustrating a portion of
modulation/demodulation circuit 520 and a filter circuit 530
according to an embodiment of the invention. Filter circuit
530 prevents the one MHz signal (first discussed in connec-
tion with FIG. 7) from interfering with power supply 515
and the circuitry of subsystem 110. As illustrated 1in FIG. 11,
the data signal 1s coupled onto the connector pins 7 and 8 of
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end 131 through capacitors C33 and C335. The data signal 1s
blocked from the power of power supply 315 and from the
ground signals by inductors .4, 1.2, L3, and L1, and by a
capacitor C46. In the embodiment illustrated in FIG. 11, the
modulated data signal 1s riding on the boosted voltage power
line, and on the ground line, but 1s prevented from back-
feeding 1nto power supply 315 by filter circuit 530. As
discussed above, filter circuit 630 (FIG. 6) of subsystem 120
1s the same or substantially similar to filter circuit 530.
Accordingly, the data signal can be transmitted bi-direction-
ally down a single twisted pair of a CATS5 cable or other
clectrical cable 130 (FIGS. 1) and the DC voltage can be
delivered to subsystem 120 on the same twisted pair without
interfering with the circuitry of subsystem 110 or subsystem
120.

FIG. 12 1s a circuit diagram 1llustrating detection circuit
540. A portion 1210 of detection circuit 540 1s located on
subsystem 110, and a portion 1220 of detection circuit 540
1s located on subsystem 120. Subsystem 110 only applies the
SV DC “logic ‘1’ signal to pin 7 of end 131 until 1t 1s
determined that subsystem 120 i1s connected. When it has
been determined that subsystem 120 umt 1s connected,
subsystem 110 enables voltage boost circuit 510 which
supplies boosted voltage to pin 7 of end 131 (FIG. 1) which
in FIG. 12 1s illustrated as an RJ45 connector. The detection
mechanism of detection circuit 540 comprises a simple
circuit to designed to detect that a correct load 1s attached to
the wire pair carrying the combined data and power signal.
As 1llustrated 1n FI1G. 12, 5V DC 1s applied through a diode
D1 and a resistor R39 to pin 7 of the RJ45 connector. With
subsystem 120 connected via electrical cable 130 (FIGS.
1-4), resistors R59 and R62 form a voltage divider to
ground. With a transistor Q2 turned on by the “CNTR__
SV_32V_SELECT” signal, a transistor Q1 passes the volt-
age at the node of resistors R59 and R62 to the ADC 1nput
pin on microprocessor 665 (FIG. 6) of subsystem 120.
Microprocessor 6635 samples this voltage and, 11 1t 1s within
a predetermined range, transistor Q2 1s turned ofl and the
boosted voltage will be applied to pin 7 of the RI45
connector. On the other hand, 1f subsystem 120 1s not
connected to subsystem 110, or if subsystem 110 1s con-
nected to a network device, such as a hub, a switch, a router,
or the like, the voltage at the node of resistors R59 and R62
will not be 1n the predetermined acceptable range, and the
boosted voltage will not be enabled.

FIG. 13 1s a circuit diagram illustrating pre-emphasis
circuit 551, which 1s designed to emphasize the high fre-
quency component of the video signals, before such signals
are transmitted, 1n anticipation of the high frequency attenu-
ation that occurs over long lengths of electrical cable 130
(F1G. 1). As 1llustrated 1n FIG. 13, capacitors C51 and C52
and resistors R69 and R70 are switched into the feedback
legs of a differential driver U6 by a transistor Q6 and Q7,
respectively. Capacitors C51 and C52 and resistors R69 and
R70 give a low impedance feedback path for high frequen-
cies, thus peaking the gain of the high frequency compo-
nents 1n the amplifier. A switch on subsystem 120 ultimately
controls transistor Q6. The switch 1s read by microprocessor
665 of subsystem 120, and the status of the switch 1s
transmitted back to subsystem 110 over wire pair carrying
the combined data and power signal. Capacitors C17 and
C27 and resistors R63 and R64 are also used to adjust the
amplifier frequency response.

FIG. 14 1s a circuit diagram illustrating attenuation/
compensation circuit 651. As was first discussed above 1n
connection with FIG. 6, subsystem 120 accepts the differ-
ential video signals from subsystem 110, amplifies the video




US 7,259,482 B2

11

signals, and outputs a single-ended video signal to connector
680 (FIG. 6). As the length of electrical cable 130 (FIGS. 1)
increases, the higher frequency components of the video
signals are increasingly more attenuated during their trans-
mission along electrical cable 130, as discussed above. To
compensate for the loss of amplitude, a series resistor and
capacitor are placed in parallel with a gain resistor R20 of
the differential-to-signal-ended amplifier that forms a part of
video amplifier 650 (FIG. 6). In this way, various compen-
sation legs can be switched 1nto the feedback path. A resistor
R61 and a capacitor C48, a resistor R60 and a capacitor C47,
and a resistor R39 and a capacitor C46 respectively form the
three resistor-capacitor (RC) pairs.

A microprocessor control signal enables or disables one
RC pair at a time depending on a user control switch read by
microprocessor 665. These capacitors and resistors give a
low 1mpedance feedback path for high frequencies, thus
peaking the gain of the high frequency components in the
amplifier. The range of frequencies that are peaked and the
final gain 1s dependent on the RC pair that 1s switched 1n
parallel with gain resistor R20. In this way compensation for
attenuation of high frequencies in electrical cable 130
(FIGS. 1-4) 1s accomplished for varying lengths of electrical
cable 130.

FIG. 15 1s a flow chart illustrating a method 1500 for
increasing a distance between a computer and an operator
control center 1n electrical communication with the com-
puter, where the electrical communication 1s accomplished
via a cable having a first wire pair and a second wire pair.
A step 1510 of method 1500 1s to provide a first subsystem
to be coupled to a first end of the cable. As an example, the
cable can be similar to electrical cable 130, the computer can
be similar to device 145, and the operator control center can
be similar to device 150, all of which were first shown 1n
FIG. 1. As a further example, the first subsystem can be
similar to subsystem 110, also first shown 1 FIG. 1.

A step 1520 of method 1500 i1s to provide a second
subsystem to be coupled to a second end of the cable such
that an electrical power signal provided by the computer and
a data signal generated by the computer or the operator
control center are transmitted simultaneously across the first
wire pair between the computer and the operator control
center. As an example, the second subsystem can be similar
to subsystem 120, first shown 1n FIG. 1.

A step 1530 of method 1500 1s to modulate the data signal
to create a modulated data signal. As an example, the
modulated data signal can be similar to the signal shown on
channel 820 1n FIG. 8. As an example, the modulated data
signal can be created using modulation/demodulation circuit
520, first shown 1n FIG. 5, or modulation/demodulation
circuit 620, first shown 1n FIG. 6.

A step 1540 of method 1500 1s to modity the electrical
power signal to create a boosted electrical voltage signal. As
an example, the boosted electrical voltage signal can be
created using voltage boost circuit 510.

A step 1550 of method 1500 1s to couple the modulated
data signal onto the boosted electrical power voltage to
create a combined signal. As an example, the combined
signal can be similar to the signal shown on channel 920 1n
FIG. 9.

A step 1560 of method 1500 1s to transmit the combined
signal across the first wire pair between the computer and the
operator control center. In one embodiment, step 1330 or
another step can further comprise using the computer to
generate a video signal, and step 1560 or another step can
turther comprise transmitting the video signal across the
second wire pair between the computer and the operator
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control center. In the same or another embodiment, step
1560 or another step further comprises demodulating the
modulated data signal after transmitting the modulated data
signal across the first wire pair, and/or reducing the boosted
clectrical voltage signal after transmitting the boosted elec-
trical voltage signal across the first wire pair. In the same or
another embodiment, step 1560 or another step further
comprises compensating for attenuation of the video signal
betfore transmitting the video signal across the second wire
pair and/or compensating for attenuation of the video signal
after transmitting the video signal across the second wire
pair. In the same or another embodiment, step 1560 or
another step further comprises filtering the combined signal
to prevent the modulated data signal from mterfering with
the boosted electrical voltage signal. In the same or another
embodiment, step 1560 or another step further comprises

detecting the presence of the second subsystem at the first
subsystem before enabling the electrical power signal.

In the same or another embodiment of method 1500, step
1510 or another step further comprises providing a switch
and electrically coupling the switch between the computer
and the operator control center. As an example, the switch
can be similar to switch 240, first shown 1n FIG. 2. In an
embodiment where the distance extender comprises a
switch, step 1510 or another step further comprises: (1)
clectrically coupling the switch between the computer and
the first subsystem; and (2) electrically coupling the second
subsystem between the first subsystem and the operator
control center. In another embodiment, step 1510 or another
step further comprises: (1) electrically coupling the switch
between the second subsystem and the operator control
center; and (2) electrically coupling the first subsystem
between the computer and the second subsystem. In another
embodiment, step 1510 or another step further comprises:
(1) providing a third subsystem substantially similar to the
first subsystem; (2) providing a fourth subsystem substan-
tially similar to the second subsystem; (3) electrically cou-
pling the third subsystem between the switch and the fourth
subsystem; (4) electrically coupling the fourth subsystem
between the third subsystem and the operator control center;
and (35) electrically coupling the switch between the second
subsystem and the third subsystem.

Although the invention has been described with reference
to specific embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made without
departing from the spirit or scope of the invention. Various
examples of such changes have been given in the foregoing
description. Accordingly, the disclosure of embodiments of
the invention 1s intended to be 1llustrative of the scope of the
invention and 1s not mntended to be limiting. It 1s intended
that the scope of the invention shall be limited only to the
extent required by the appended claims. For example, to one
of ordinary skill 1n the art, 1t will be readily apparent that the
distance extender discussed herein may be implemented 1n
a variety of embodiments, and that the foregoing discussion
of certain of these embodiments does not necessarily rep-
resent a complete description of all possible embodiments.

All elements claimed 1n any particular claim are essential
to the mmvention claimed in that particular claim. Conse-
quently, replacement of one or more claimed eclements
constitutes reconstruction and not repair. Additionally, ben-
efits, other advantages, and solutions to problems have been
described with regard to specific embodiments. The benefits,
advantages, solutions to problems, and any element or
clements that may cause any benefit, advantage, or solution
to occur or become more pronounced, however, are not to be
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construed as critical, required, or essential features or ele-
ments of any or all of the claims.

Moreover, embodiments and limitations disclosed herein
are not dedicated to the public under the doctrine of dedi-
cation if the embodiments and/or limitations: (1) are not
expressly claimed 1n the claims; and (2) are or are potentially
equivalents of express elements and/or limitations in the
claims under the doctrine of equivalents.

What 1s claimed 1s:
1. A distance extender for increasing a distance between
a first device and a second device 1n electrical communica-
tion with the first device, the distance extender comprising;:
an electrical cable electrically coupled between the first
device and the second device and comprising:
a first end;
a second end; and
a plurality of wires extending between the first end and
the second end;
a {irst subsystem electrically coupled to the first end of the
electrical cable and to the first device;
wherein the first subsystem includes a voltage boost
circuit;
a second subsystem electrically coupled to the second end
of the electrical cable and to the second device;
a switch electrically coupled to the second end of the
electrical cable and to the second device;
a third subsystem including a voltage boost circuit; and
a fourth subsystem including a voltage boost circuit;
wherein:
the first device or the second device generates a data
signal and the first device provides an electrical
power signal;
the plurality of wires includes a first wire;
the data signal and the electrical power signal are
simultaneously transmitted between the first device
and the second device over the first wire;
the third subsystem 1s electrically coupled between the
switch and the fourth subsystem:;
the fourth subsystem 1s electrically coupled between
the third subsystem and the second device; and
the switch 1s electrically coupled between the second
subsystem and the third subsystem.
2. A distance extender for increasing a distance between
a first device and a second device 1n electrical communica-
tion with the first device, the distance extender comprising;:

an electrical cable electrically coupled between the first
device and the second device and comprising:

a first end;
a second end; and

a plurality of wires extending between the first end and
the second end;

a first subsystem electrically coupled to the first end of the
electrical cable and to the first device;

the first subsystem includes a pre-emphasis circuit; and

a second subsystem electrically coupled to the second end
of the electrical cable and to the second device,

wherein:

the first device or the second device generates a data
signal and the first device provides an electrical
power signal;

the plurality of wires includes a first wire; and

the data signal and the electrical power signal are
simultaneously transmitted between the first device
and the second device over the first wire.
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3. The distance extender of claim 2 wherein:
the data signal comprises at least one of mouse data and
keyboard data and 1s transmuitted from the first device to
the second device and from the second device to the
first device.
4. The distance extender of claim 2 wherein:
the first wire forms a portion of a first wire pair; and
the data signal and the electrical power signal are simul-
taneously transmitted between the first device and the
second device over the first wire pair.
5. The distance extender of claim 2 further comprising:
a switch electrically coupled between the first device and
the second device.
6. The distance extender of claim 5 wherein:
the switch 1s a keyboard, video, and mouse switch.
7. The distance extender of claim 5 wherein:
the switch 1s electrically coupled between the first device
and the first subsystem.
8. The distance extender of claim 5 wherein:
the switch 1s electrically coupled between second sub-
system and the second device.
9. The distance extender of claim 3 further comprising:
a third subsystem include a voltage boost circuit; and
a fourth subsystem include a voltage boost circuit,
wherein:
the third subsystem 1s electrically coupled between the
switch and the fourth subsystem:;
the fourth subsystem 1s electrically coupled between
the third subsystem and the second device; and
the switch 1s electrically coupled between the second
subsystem and the third subsystem.
10. The distance extender of claim 2 wherein:
the plurality of wires comprises four unshielded twisted
wire pairs; and
the first wire 1s a portion of one of the four unshielded
twisted wire pairs.
11. The distance extender of claim 2 wherein:
power to operate at least a portion of the second device 1s
provided only by the electrical power signal.
12. The distance extender of claim 2 wherein:
the first subsystem comprises:
a modulation/demodulation circuit;
a filter and
a detection circuit.
13. The distance extender of claim 2 wherein:
the second subsystem comprises:
a voltage conversion circuit; and
an attenuation compensation circuit.
14. A distance extender for increasing a distance between

a computer and an operator control center in electrical
communication with the computer, the distance extender
comprising;

a Category 5-type cable comprising:
a first end:
a second end; and

a plurality of wires extending between the first end and
the second end, the plurality of wires comprising:

a first twisted pair;
a second twisted pair;
a third twisted pair; and
a fourth twisted pair;
a first subsystem electrically coupled between the first end
of the Category 5-type cable and the computer; and

a second subsystem electrically coupled between the
second end of the Category 5-type cable and the
operator control center,
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wherein:
the operator control center comprises:
a computer keyboard;
a computer video monitor; and
a computer mouse;

the computer provides an electrical power signal and
the computer or the operator control center generates
a data signal and a plurality of video signals;
the plurality of video signals are transmitted between
the first subsystem and the second subsystem over
the first, second, and third twisted pairs; and
the data signal and the electrical power signal are
simultaneously transmitted between the first sub-
system and the second subsystem over the fourth
twisted pair.
15. The distance extender of claim 14 wherein:
the first subsystem, the second subsystem, the computer
keyboard, and the computer mouse are powered only
by the electrical power signal.
16. The distance extender of claim 15 wherein:
the first subsystem comprises:
a voltage boost circuit;
a modulation/demodulation circuit;
a filter circuit;
a detection circuit; and
a pre-emphasis circuit.
17. The distance extender of claim 16 wherein:
the second subsystem comprises:
a voltage conversion circuit;
a modulation/demodulation circuit;
a filter circuit; and
an attenuation compensation circuit.
18. The distance extender of claim 17 wherein:
the pre-emphasis circuit increases a high-irequency por-
tion of the plurality of video signals before the plurality
of video signals are transmitted across the first, second,
and third twisted pairs; and
the attenuation compensation circuit compensates for a
loss of amplitude 1n the plurality of video signals after
the plurality of video signals are transmitted across the
first, second, and third twisted pairs.
19. The distance extender of claim 16 wherein:
the first subsystem receives the electrical power signal
from the computer; and
the voltage boost circuit boosts the electrical voltage
signal before passing the electrical power signal to the
Category 5-type cable.
20. The distance extender of claim 15 further comprising:
a keyboard, video, and mouse switch electrically coupled
between the computer and the operator control center.
21. The distance extender of claim 20 wherein:
the kevboard, video, and mouse switch 1s electrically
coupled between the first subsystem and the computer.
22. The distance extender of claim 20 wherein:
the keyboard, video, and mouse switch 1s electrically
coupled between the second subsystem and the opera-
tor control center.
23. The distance extender of claim 20 further comprising:
a third subsystem include a voltage boost circuit; and
a fourth subsystem include a voltage boost circuit,
wherein:

the third subsystem 1s electrically coupled between the
keyboard, video, and mouse switch and the fourth
subsystem;

the fourth subsystem 1s electrically coupled between
the third subsystem and the operator control center;
and

the keyboard, video, and mouse switch 1s electrically
coupled between the second subsystem and the third
subsystem.

16

24. A method for increasing a distance between a com-

puter and an operator control center in electrical communi-
cation with the computer where the electrical communica-
tion 1s accomplished via a cable having a first wire pair and

5 a second wire pair, the method comprising:
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providing a first subsystem to be coupled to a first end of
the cable;

providing a second subsystem to be coupled to a second
end of the cable such that an electrical power signal
provided by the computer and a data signal generated
by the computer or the operator control center are
transmitted simultaneously across the first wire pair
between the computer and the operator control center;

using the computer to generate a video signal;

transmitting the video signal across the second wire pair
between the computer and the operator control center

compensating for attenuation of the video signal before
transmitting the video signal across the second wire
pair.

25. The method of claim 24 further comprising:

providing a switch; and

clectrically coupling the switch between the computer and
the operator control center.

26. The method of claim 235 further comprising:

clectrically coupling the switch between the computer and
the first subsystem; and

clectrically coupling the second subsystem between the
first subsystem and the operator control center.

277. The method of claim 25 further comprising:

clectrically coupling the switch between the second sub-
system and the operator control center; and

clectrically coupling the first subsystem between the
computer and the second subsystem.

28. The method of claim 25 further comprising:

providing a third subsystem:;

providing a fourth subsystem;

clectrically coupling the third subsystem between the
switch and the fourth subsystem:;

clectrically coupling the fourth subsystem between the
third subsystem and the operator control center; and

clectrically coupling the switch between the second sub-
system and the third subsystem.

29. A method for increasing a distance between a com-

puter and an operator control center in electrical communi-
cation with the computer where the electrical communica-
tion 1s accomplished via a cable having a first wire pair and
a second wire pair, the method comprising:

providing a first subsystem to be coupled to a first end of
the cable;

providing a second subsystem to be coupled to a second
end of the cable such that an electrical power signal
provided by the computer and a data signal generated
by the computer or the operator control center are
transmitted simultaneously across the first wire pair
between the computer and the operator control center;

modulating the data signal to create a modulated data
signal;

modifying the electrical power signal to create a boosted
clectrical voltage signal;

coupling the modulated data signal onto the electrical
power signal to create a combined signal; and

transmitting the combined signal across the first wire pair
between the computer and the operator control center.

30. The method of claim 29 further comprising:

using the computer to generate a video signal; and

transmitting the video signal across the second wire pair
between the computer and the operator control center.
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31. The method of claim 30 further comprising:

demodulating the modulated data signal after transmitting,
the modulated data signal across the first wire pair; and

reducing the boosted electrical voltage signal after trans-
mitting the boosted electrical voltage signal across the
first wire parr.

32. The method of claim 31 further comprising:

compensating for attenuation of the video signal after
transmitting the video signal across the second wire
pair.

33. The method of claim 31 further comprising:

compensating for attenuation of the video signal before
transmitting the video signal across the second wire
pair.

10
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34. The method of claim 33 further comprising:

compensating for attenuation of the video signal after
transmitting the video signal across the second wire

pair.
35. The method of claim 32 further comprising:
filtering the combined signal to prevent the modulated

data signal from interfering with the boosted electrical
voltage signal.

36. The method of claim 35 further comprising:

detecting the presence of the second subsystem at the first
subsystem before enabling the electrical power signal.
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